Endoscopy of the urinary tract remains the cornerstone of urological therapy.
Introduction
The ability to directly visualize the features of the urinary tract is of paramount import ance when urological dysfunction develops.
The limitations of urological endoscopy have largely been determined by the in strumentation itself. Initially, incandescent bulbs provided illumination which was barely adequate for visualization. Once cold-source lighting via fiberoptic cords was developed, image conduction using the rod/ lens system further enhanced endoscopic capabilities.
With superior ability to illuminate and visualize the internal bodily cavities, the next most significant development came in the form of flexibility. Prior to the advent of flexible endoscopes, rigid instrumentation could often not adequately reach convolu tions of the lumenal surfaces. This limitation was compensated for by adjusting the angle of the rigid lens, but was not remedied until 
Basic endoscopy
Endoscopic examination of the urethra and bladder is the most elementary urological procedure. It may be included in the evalu ation of a patient with urinary tract dysfunc tion, symptomatology, or hemorrhage. In addition, it is the initial step towards gaining access to the urinary tract for other diag nostic and therapeutic maneuvers, such as ureteral stenting and ureteroscopy for stone disease. 4 Traditionally, basic cystoscopy has been performed using rigid instruments, which require the dorsolithotomy position in order to permit adequate endoscopic inspection. Often those with spinal or hip joint arthritis experience some discomfort with such posi tioning.
Several lens angle systems (0°, 30°, 70°, 120°) may be required to completely visual ize the entire urothelial surface, including the urethra and bladder neck, because of the often convoluted angles of the urinary bladder. Due to the rigid nature of the instrument and the stress it imposes on urogenital tissues, anesthesia is often re quired in order for the patient to tolerate a thorough examination. 
Flexible cystoscope development

Patient preparation
Common to all urological endoscopy, the genitalia should be cleansed with an anti septic solution and draped in a sterile fashion. In those patients with known or suspected urinary tract infection prior to the cystoscopy, appropriate antibiotic coverage based on urine culture should be instituted.
There is generally a one in 50 to one in 100 chance of contracting a urinary tract infec tion during a sterile technique urinary tract instrumentation. In those with chronic in dwelling catheters and in all our patients, a short course of prophylactic antibiotic is administered after the cystoscopy. Our choice of therapy is generally nitrofuran toin, trimethoprim/sulfamethoxasole, or a quinolone antibiotic for 2 days. Universal precautions should be practiced by all personnel performing and assisting with the procedure. Eye protection and a mask to cover the mouth and nose are essential, as splashing of urine that may be contaminated with blood and semen may transmit the human immunodeficiency and the hepatitis viruses.
Sterile water or saline irrigation improves visibility and allows bladder distention to maximize the surface area to be inspected.
Dilute sterile radiographic contrast may be used if a fluoroscopic cystogram is to be combined with flexible endoscopy. This dilute contrast solution does not impair visual acuity.
In patients in whom we anticipate the possibility of intraoperative cystoscopy, we now prepare and drape the urethra in a sterile fashion prior to draping the primary operative site. The urethra is then accessed with an end-hole catheter to provide for easy placement of a wire guide through the device into the bladder. The position of the patient need not be altered. Routine flexible cystoscopy over a guidewire is a reliable, reproducible procedure which can be ac complished with the patient in any standard operative position. Using the flexible cysto scope insertion over a guidewire is an ideal solution to the difficult problem of emergency cystoscopy being required dur ing another operative procedure, especially valuable when the question of injury to a ureter or the bladder arises intraopera tively.9 At the end of the procedure, documentation of the procedure and find ings should be included in the patient's medical record.
Flexible cystoscopy at the bedside
In acute and critically ill spinal cord injured patients, flexible cystoscopy may be per-formed at the bedside in the intensive care unit. These patients may have an unstable spinal fracture or be medically so unstable that a bedside procedure is preferred over transportation to the operating theater. The most common indications for the procedure are hematuria and the inability to insert a urethral catheter.
Occasionally, the retaining balloon of an indwelling ureteral catheter may not deflate to allow catheter exchange. In such cases, the flexible cystoscope can usually be passed beside the catheter and, using a small guidewire as a lance, the balloon is perfor ated under direct vision. In addition, a SCI patient with urosepsis, hydronephrosis, and an obstructing ureteral calculus requires immediate drainage with a ureteral cath eter. This procedure is performed initially by performing flexible cystoscopy and locat ing the ureteral orifices on the floor of the bladder. A guide wire is then inserted through the endoscope, cannulating the desired
ureter. An open-ended ureteral catheter may then be placed over the guidewire, and the guidewire removed.
Urinary drainage from the previously ob structed system may not only be sent for bacterial culture and sensitivity analysis, but also continually monitored as the ureteral catheter empties into a urimeter.
Flexible cystoscopy in the wheelchair
In certain cases, routine cystoscopy is re quired for a thorough urological evaluation, such as that for hematuria. Especially in quadriplegic and overweight men, it is technically easier to perform the procedure while the patient remains in his wheelchair. Avoiding patient transfer minimizes spasti city and eliminates the need for ancillary staff to aid in proper positioning on an examination lidocaine gel is instilled in the urethra in order to decrease pain and blunt the stimulus for the development of autonomic dysreflexia.
The flexible cystoscope should be held in the dominant hand with the thumb resting on the deflecting lever. The urologist should kneel on one side of the patient rather than directly in front of the wheelchair for two reasons. Primarily, the examiner will avoid injury from any inadvertent severe lower extremity spasms common in the spinal cord injury population. Secondarily, kneeling to one side is less awkward for the patient and also more comfortable for the endoscopist. Kneeling on the right side of the patient with the examiner's head turned toward the patient allows not only for safety, but also good orientation to the genitourinary sys tem, during the examination. 13 To insert the flexible cystoscope in the male patient, the examiner should grasp the penis with the fourth and fifth fingers of the nondominant hand, holding the penis up right and slightly extended. The remaining three digits are used to guide the instrument into the urethra. Once in the bulbous urethra, the tip of the instrument should be deflected upward in order to bridge the external sphincter. Asking the patient to breathe deeply helps reduce some of the intrinsic sphincter tone, aiding in passage of the cystoscope. It is imperative to advance the instrument only with an adequate view of the ureteral lumen in order to avoid trauma which could precipitate bleeding or dysreflexia. Complete visualization of the bladder and urethra is almost always poss ible in the sitting position.
Endourodynamics
At our urodynamic laboratory we evaluate large numbers of spinal cord injured pa 1986 by Loughlin and associates. 14 Occa sionally the inability to insert a urodynamic catheter at the time of a scheduled uro dynamic study prompts flexible cystoscopy, which not only permits diagnosis of the urodynamic study to be performed through the endoscope itself. 13 , 15 Flexible cystoscopy can be combined with urodynamics in order to complete the two tests in one clinic visit, increasing efficiency.
The flexible cystoscope is inserted into the bladder under visual guidance using mini mal irrigation. Residual urine is measured through the working port with an aspiration syringe. The working port is then connected to a 'Y' connector which is connected to both a pressure transducer and the cysto metrogram (CMG) infusant. A 25% sterile radiographic contrast solution as the CMG infusant allows for video-urodynamics. A blood transfusion pressure bag is used to infuse at a constant rate of 50 ml/min through the small caliber of the working port; the CMG is zeroed after having started the infusion. Physicians caring for spinal cord injury patients must be familiar with the clinical presentation and treatment of autonomic dysreflexia. Patients whose injury is at or above T6 level should undergo blood press ure monitoring during the endoscopic pro cedure. Lidocaine 2% gel, a topical local anesthetic and lubricant, is routinely used prior to flexible cystoscopy. It helps to decrease the afferent impulses which may trigger the AD response. Overdistention of the bladder with irrigant may also initiate the development of AD, and must be avoided. Utilizing these two simple prac tices, AD can be minimized, if not pre vented altogether, during flexible cysto scopy. Should the AD response occur, nifedipine (Procardia) 10 mg sublingually, chlorpormazine (Thorazine) 1 mg IV, or phentolamine (Regitine) 5 mg IV may be used to abort the autonomic dysreflexia episode. Chronically, those predisposed to the development of autonomic dysreflexia can receive prophylaxis with alpha adrenergic blockade. 17 , 18 When conducting a complete urodynamic study in SCI patients, the potential for autonomic dysreflexia should be con sidered. If a patient demonstrates involun tary detrusor contractions accompanied by detrusor-external sphincter dyssynergia, the evaluation should be terminated as the diagnosis has been made; further filling may serve only to induce blood pressure eleva tion secondary to AD. If during bladder filling or manipulation the patient complains of dysreflexia symptoms and the blood pressure becomes elevated, the procedure should be terminated immediately. The purpose of a urodynamic study is not to distend the bladder to its maximal capacity; it is to reproduce a patient's symptoms and make a clinically useful diagnosis. ling urethral or suprapubic catheters are especially at risk for the development of urothelial neoplasia.22 In addition, the uro logical literature has documented the development of malignancy developing at areas of ureterointestinal anastomosis. Most reports have been generated from patients with a ureterosigmoidostomy after 10 years.
The use of intestinal segments in urinary tract reconstruction is increasing, however, and whether malignant transformation will occur in those patients with intestinal aug mentation cystoplasty, cutaneous ileoneo cystostomy, and continent intestinal urinary reservoirs has yet to be demonstrated. We recommend that patients with any of these reconstructions, where small or large bowel is constantly exposed to urine, as well as those with chronic urinary drainage cath eters, should be endoscopically evaluated on a yearly basis to rule out malignant transformation. Furthermore, we recom mend annual cystoscopy in SCI patients managed with an indwelling urethral or suprapubic catheter after a period of 5 years.
Patients with urinary diversion may de velop urinary calculi, hematuria, polypoid lesions, or obstruction of urinary flow. In these cases, endoscopic inspection should be performed promptly to diagnose and treat the condition. The flexible cystoscope is well suited to the reconstructed urinary tract. Such a system is often much more convoluted than a native system, therefore rigid instrumentation may not permit a thorough evaluation. The flexible deflect able cystourethroscope offers the ability to navigate through the irregular passageway of an ileal conduit, closely examine all irregular contours, and admit instruments for diagnostic and therapeutic maneuvers such as stone manipulation, biopsy, and ureteral catheterization.
Discussion
Urological dysfunction is almost universal in the SCI population, often requiring multiple endoscopic evaluations for various reasons. The historical disadvantage of flexible cystoscopy has been a lack of visual clarity, thus compromising the examination. 5 We have found that the newer generation of flexible cystoscopes provides superior opti cal quality, enabling a complete evaluation of the urethra and bladder.
Future developments
Continued development has produced a tremendous improvement in the quality and applicability of flexible, deflectable endo scopic equipment and technology. Equip ment manufacturers are perpetually gener ating instruments with improved visibility, smaller outer diameters, and larger working channels, further increasing the potential for diagnostic and therapeutic procedures.
The flexible cystoscopy may also be ap plied elsewhere in the genitourinary tract which has not been previously visualized. In two male SCI patients who developed infec tion and erosion of implanted penile pros thesis on one side of the penis, we were able to look directly into the penile corporal cavernosum and determined a communica tion and infection of the contralateral pros thesis. We have also used a 22 gauge taneously with greater ease and even lower anesthetic requirements. In short, the flex ible, actively deflectable cystoscope has made, and will continue to make, significant contributions to the diagnosis and treatment of urological pathology.
Conclusion
Flexible cystoscopy is a safe and useful tool in spinal cord injured patients in the uro dynamics laboratory. It permits complete diagnostic visualization, and limited pro cedural intervention. Overall, the proce dure is convenient and well tolerated by patients, and can be done in men while in the wheelchair. We depend on the access ibility of a flexible cystoscope in the uro dynamics laboratory and feel that this has improved our urological care of spinal cord injured patients.
